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(54) INTERNAL COMBUSTION ENGINE AND START OF COMBUSTION CONTROL METHOD 

(57) Abstract: / * ~ ' 

PROBLEM TO BE SOLVED: To smoothly complete the combustion 
with a lean air fuel ratio, by forming an air-fuel mixture 
of high temperature and high pressure in a combustion 
chamber, and using a laser source outputting the laser beam 
of which the wavelength is an excitation band of amost OH 
gp or CH gp, as a combustion starting means for combusting 
the air-fuel mixture. 

SOLUTION: The air-fuel mixture which is premixed 
the fuel from an injector 10, is introduced to a 
2, a piston 3 is risen, and the air-fuel mixture 
compressed to obtain a high temperature and high 
condition, and the fueld is decomposed into the 
of low molecular weight, including OH gp and CH 
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by jetting 
cy I inder 
is 

pressure 
mo I ecu I es 
gp by 



cracking. The compression ratio on this occasion, is 
determined so that the temperature of the air-fuel mixture 
in the compression top dead center is adjusted to be lower 
than the self-ignit ion temperature, that is, the 
temperature free from the self- ignition. The laser beam of ^ 
about 310nm of wavelength is irradiated from a laser source - 
11 into a combustion chamber 11 immediately after the compression 
the OH gp in the air-fuel mixture to generate a 
chain reaction of the combustion is immediately 
mu It i points for combusting the air-fuel mixture 




dead point, for exciting 
large amount of OH radical. Thereby the 
and simultaneously started on the 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

o'™ 8 /? 01 " 116 ? haS b f en trmslated h y computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Inventionl 
[0001] 

t0 ^ invention belon g s l Especially this invention relates to the internal combustion engine 
equipped with the combustion start means by the laser beam, and its combustion start control method about an 
internal combustion engine. 
[0002] 

[Description of the Prior Art] By premixing and introducing inhalation of air and fuel in the conventional usual 

f™°„Z™?T ?f ? Cngine if needed m °y linder divided cylinder head and the piston, and 

compressing by upper ** of a piston Complete fuel injection earlier enough than an ignition stage, and the gaseous 

Z^tiLl!T7 m ^TT^t ? reSSUre by Which air W3S miX6d comparatively homogeneously withfuel aT 
mLSf. ^ g f T™*- Ug ? by JUmp Spark ignition with 311 P lu 8 near ^ compression edge, it is 

aTme^r^nt 0 ^ 11811011 ° f 3 "V*™* beCaUSC 3 flame Spreads a combustion chamber withthe ignition 

™™ 8 P ' md P ressure generating is controlled by ignition timing. 

w ° Ver ' whilecan y m g out direct injection of the fuel into a cylinder near the compression edge with a 
mSX ^ CameS ° Ut JUmp spark with 311 ^0* P^g is proposed. 8 

io^ni^ re ° V f r ' * rea ^ ble > Proposing the premixing autohesion fire internal combustion engine of a high 
autX Jon ? ^ PrenUXeS fae1 ' ^ fonnS a hoi »°gcneous gaseous mixture, and was madf to carry out 
fod mtio T,Sfn C ^w n ^ 3 com P res sioxi edge as indicated by JP,7-332141,A etc., for example, even if an air- 

SboS 10 D o^'aT e ffi,l° n t 1S H°T leted aU 3t ° nCC by mUltip ° int igniti ° n ' 3 mp S Performance is high and a low 
(about 1 0 ppm), and efficient and a low emission engine are obtained very much for NOx eccrisis concentration. 

endtSaidr^° 1Ved ^ ^ I n 7 ntion i ^wever, there is a problem that ignition stability falls as the gas of an 

spikSti^n alZ^h 0 ^ w d rat u° beC ° meS ^ SinCC * iS flame P"W*» combustion from on! by jump 
to S Sn ' althou g 1 ? the fal1 °. f combustion temperature and thin air-fuel ratio combustion are effective in order 
SdSSl v S n" 1 exhauS V gaS l m ?2 a °ove-mentioned usual gasoline internal combustion engine, therefore when 
moofil premiXm S' 38 t or ? e inflammable thin limitation of an air-fuel ratio, 22-25 are limitations 

2Kr er KrT e Cany ° Ut direCt in j ection «* carry out jump spark ignitionmto a 

cylinder, although the thin limitation of an air-fuel ratio is expandable to 40-50, since mixed tem^r cloth S not 

ESS? ° US ' 6 18 3 Pr ° blem ^ is fear of smoked generating. P 

out a2oheTnT;e m ^ ab / >v f e - mentione d premixing autohesion fire internal combustion engine, in order to carry 

rnnn«i t • es Pecially in the latus load range, and to perform ignition stage control. 

S^b^^l^?rr^ ti< ^ conventional trouble, this invention can complete combustion smoothly by 
Ze th Smaff m h„^ multip ° mt f ° u Wlth a ^el ratio, and it is efficient and it aims at offering low 
beta able to male ^h^ ^ ^ 1<>W emiSSi ° n ' ^ itS combustion start control methoa while 

[0009] reaCtl ° n aWe t0 CaUSe at 3 desired Sta § e 3114 bein g able t0 mak e combustion start. 

ikva?ed f ^mn^ g th * Problem J ^ "^mal combustion engine of this invention forms the gaseous mixture of 
elevated-temperature high pressure in the combustion chamber formed at a cylinder the cylinder head anda nktnn 

SSS a «?SS^ V^r™ fron ; a so r e of laser in which —g^S 

foO ^nvd^c£^nt fi K ^ m °?L y m thC intemal combustion engine which burns a gaseous mixture. 
*e g^ by combinat / on ° f tw ° or more CH bases, if adiabatic compression of 

^ ! carried out by the compression stroke and it becomes elevated-temperature high pressure the 
Lrl n« c / ac ^g ^composed into a molecule with the small molecular weight which the large hyXSn and 
bydr ° Carb °" ° f r l6CUlar W6ight Pyr ° lyZe ' 311(1 COntains °H basis CH bLsC happen and 

C^maTofl rtac3dt CO^T £ S™ 7 °" C ° mbUSti ° n ""^ rf * COmbustion ^S" 
UnHm and 02. It reacts and is CQ2. H2 O and heat are generated, and in order to start the chain of this combustion 



reaction, activation energy is usually given in the form of heat by jump spark ignition etc. Thus, although chain 
reaction is started after the number msec of after that by giving activation energy, luminescence of OH basis or CH 
basis is accepted in early stages of the chain reaction. Therefore, it understands that generating of OH radical or CH 
"radical is making the chain of a combustion reaction start. Therefore, it understands that the chain of a combustion 
reaction can be made to start by generating these OH(s) radical and CH radical with any means. 
[001 1] OH radical and CH radical which are activity chemical species are generated directly, and chain reaction, 
i.e., combustion, is made to cause by this invention in this way by irradiating the laser beam of the wavelength of the 
excitation band, and exciting it to OH basis or CH basis. 

[0012] Thus, although OH radical which is a combustion-control factor, and CH radical are generated, since energy 
is given and excited not in the form of heat energy but in the form of a light energy, 10-20mJ is enough as the light 
energy of the irradiated laser beam to which activation energy can be supplied very efficiently, and it is good in 
below the half of 40m J(s) of the ignition energy by the conventional ignition plug. Moreover, a direct OH radical 
and CH radical are generated by laser beam irradiation, immediately, the chain of a combustion reaction can be 
made to be able to start and a lot of [ all at once ] OH radicals and CH radicals can be generated in the whole 
irradiation field of a laser beam. 

[0013] Therefore, according to this invention, a desired stage can be made to start combustion steadily, degree of 
constant volume improves, while efficiency is high and can complete combustion smoothly also with a thin air-fuel 
ratio by the combustion start by the multipoint, the highest flame temperature falls, and low mpg and the efficient 
internal combustion engine of low emission can be attained. 

[0014] In addition, although what also lights the former by the source of laser is proposed, it gives heat energy like 
an ignition plug, is outputting the heat energy of 1000-1500mJ, and an operation is also the same as usual and it 
. does not do the above-mentioned operation so for it. 

[0015] Moreover, the combustion start control method of the internal combustion engine of this invention Introduce 
a gaseous mixture in the cylinder by which the upper and lower sides were closed at the cylinder head and the piston 
which can be moved up and down, and a gaseous mixture is compressed by upper ** of a piston. It is that to which 
wavelength irradiates the laser beam of the excitation band of OH basis or CH basis mostly a compression top dead 
center or just behind it. While the gaseous mixture introduced within the cylinder is mixed equally, a bird clapper 
changes cracking into an elevated temperature and a high-pressure state by the compression stroke, and OH basis 
and CH basis are certainly generated over the whole gaseous mixture, irradiating a laser beam a compression top 
dead center or just behind it at the gaseous mixture — above — immediately — or — the chain reaction of combustion 
is started by the multipoint all at once in ** For this reason, degree of constant volume improves, efficiency is high, 
and flame propagation distance becomes short, combustion of it with a thin air-fuel ratio is attained, and the low 
NOx combustion of it benefits the combustion start by the multipoint possible. 
[0016] 

[Embodiments of the Invention] Hereafter, 1 operation gestalt of this invention is explained with reference to 
drawing 1 and drawing 2 . 

[0017] In drawing 1 (a), 1 is an internal combustion engine which uses a gasoline as fuel, and 2 is the cylinder head 
which the cylinder and 3 are wearing a piston, and 4 is wearing the upper surface of a cylinder 1, and forms a 
combustion chamber 5 between the piston 3 upper surfaces. 6 is the suction port formed in the cylinder head 4, and 
the inhalation-of-air bulb 7 which opens and closes opening 6a to the combustion chamber 5 of this suction port 6 is 
formed. The exhaust air bulb 9 which 8 is the exhaust air port formed in the cylinder head 4, and opens and closes 
opening 8a to the combustion chamber 5 of this exhaust air port 8 is formed. 10 is an injector which carries out 
injection supply of the fuel towards the stem base of the inhalation-of-air bulb 7 through a suction port 6. 1 1 is a 
source of laser as a combustion start means, and the crevice 12 for irradiating widely in a combustion chamber 5 the 
laser beam from the source 1 1 of laser is formed in the upper wall side which is arranged at the unilateral section 
which attends the combustion chamber 5 of the cylinder head 4, and forms a combustion chamber 5. The source 1 1 
of laser outputs the laser beam of a near ultraviolet ray with a wavelength of about 31 Onm, and the laser beam of this 
wavelength can realize it by using the source of laser makes double precision frequency of a laser beam with a 
wavelength [ from helium-Ne laser ] of 632.8nm, and it was made to output it. 

[0018] The arrangement composition of opening 6a of these suction ports 6, opening 8a of the exhaust air port 8, 
and the source 1 1 of laser and the irradiation field (it expresses as a slash) of a laser beam are shown in drawing 1 

(b>. 

[0019] If operation by the above composition is explained, before the inhalation-of-air bulb 7 will open, the fuel of 
the specified quantity is injected from an injector 10, and premixing is performed. Next, while the inhalation-of-air 
bulb 7 opens by the intake stroke and a gaseous mixture is introduced in a cylinder 2, it is equally mixed within a 
cylinder 2. Subsequently, by an inlet valve's 7 closing, and a piston's 3 going up, and compressing a gaseous 
mixture, a gaseous mixture will be in an elevated temperature and a high-pressure state, and it will decompose into a 
molecule with the small molecular weight in which cracking arises and fuel contains OH basis and CH basis, in 
addition, a gaseous mixture [ in / a compression top dead center (TDC) / as the compression ratio at this time is 



,t Z SZTS? * 1 "" ^ a u- T° heS10n fire temperature, on ly deltaT is low, and temperature sets it up so that 
it may become the temperature which does not carry out autohesion fire and a laser beam with a wavelength of 
r,T VfE% m f mtes m « combustion chamber 5 from the source 1 1 of laser just behind a compression top dead 
} ixu 7 Tu 8 "-T e gaSC0US mixture in the irradia tion field - inner OH basis is excited and OH radical is 
5 ? 3 wavelen 8 th of 310nm is the light of the excitation band of OH basis, and OH basis ; 

In^ddiHo^n a 9n t u aCt T, rat ? ° f ab ° Ut 10 10 9 secs by bein g 8 iven the H 8 ht ener gy of thi * wavelength 1 

In addition, 10-20mJ is enough as the light energy of the laser beam irradiated for this reaction. In this way, if a lot 

ot UH radicals are generated, as the chain reaction of combustion starts immediately and it is shown in drawing 2 / a 
f^ST^nT VTJf 't^f^ more man autohesion fire temperature at once, and the chain reaction ol 
combustion will be started by the multipoint all at once. For this reason, degree of constant volume improves 
efficiency is high, and flame propagation distance benefits the combustion start by the multipoint short and 
reahzed * ^ ****** me hi S hest flame temperature falls, and low NOx combustion 'is 

[0020] In addition although the above-mentioned explanation showed the example which generates OH radical by 

^n! a i?n ? Ut 1 l3S f bCam ^ exdting OH basis ' you may make 14 g enerate CH radical by irradiating 
about 43 Onm laser beam and exciting CH basis. 

[0021] Moreover, before the inhalation-of-air bulb 7 opens with the above-mentioned operation gestalt, while 
injecting fuel from an injector 10 and forming premixed air within a suction port 6 Although the example of the 
nnf^tiS r engme t0 Which h 1S made t0 beCOme me temperature in which a gaseous mixture does not carry 
!m! ?f ?.f com Pf ession ^ dead center » a 'aser beam is irradiated at a desired stage, and it was made to 
carry out start fire of the combustion by the multipoint was shown Into an intake stroke, fuel is injected from an 
' hi? ' 3 8aSeOUS mixt ? e j s formed within a cylinder 2, the source 1 1 of laser to a laser beam is irradiated just 

the inl^^T 1 ? 11 t0P ^ T?*?* yOU may make h make » bum - Furthermore, it is also applicable also to 
the internal combustion engine which injected fuel in the compression stroke at the direct combustion chamber. 

Wnln^^r^ 0 ^ 1 ^ 6 °° mbustion engine which according to the internal combustion engine of this 

ZSS^rf? % w» mixture of elevated-temperature high pressure is formed [ internal combustion engine ] in the 

n^xm^ 7 T T at 3 Cybnd6r ' ^ Cylinder head > 311(1 a P iston » mentioned above, and burns a gaseous 
wavelength constituted the combustion start means from a source of laser which outputs the laser 

nre^„° K eXC1 ^- 0n f OH basis ° r CH basis mostly ** ^ eous mixt «re of elevated-temperature hiST 
Sh£S 5 f 1 " ST ° f 1116 wa ,T elength 0f 1116 excitation band to ^ OH basis or inner CH 
eSrtj • CH rad ^ al wmch ^ a combustion-control factor very efficiently can be generated by few 

energy immediately - or - ** - Therefore, can make the chain of a combustion reaction start immediately degree 

once S XhT 6 "TTV^ e f"f ^ iS Wgh - M ° re0Ver ' ° H radical ™ d CH radicals can be generated all at 
™™h L w ^ole radiation field of a laser beam, while flame propagation distance becomes short by the 

mTSheS £0? 7 m " Itipoint bein 8 able to com P^te combustion smoothly also with a thin air-fuel ratio - 
Ihe highest flame temperature - low - it can do - therefore, low mpg - it is efficient and low emission can be 

invfntl^nZ? aCCOrding to the ^mbustion start control method of the internal combustion engine of this 
^TfnTr kJZT 3 ^ aseous ^ l f me ln the cylinder by which the upper and lower sides were closed at the 

a n ston tit ? ^ b f mOVed Up down ' a ^ eous ^ture is compressed by upper ** of 

a piston. Since wavelength irradiates the laser beam of the excitation band of OH basis or CH basis mostly a 

eaXTb^, ^ T" ° r ^\ behind il ^ ^ ^us mixture introduced ^thm^XSfaaLd 
stroll 5^ tSfsl'd P^H ^ f e,evated ^ature and a high-pressure state by the compression 

f com^tnn t^H ^ °? ^ 18 ^t^i^ generated over the whole gaseous mixture, irradiating a laser beam 
a compression top dead center or just behind it at the gaseous mixture - above - immediately - or - the chain 
reaction of combustion is started by the multipoint all at once in and the above^nZed effect istmonstrated 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline composition of 1 operation gestalt of the internal combustion engine of this invention is 
shown, (a) is drawing of longitudinal section and (b) is the plan of the arrangement composition of an important 
section. 

[Drawing 2] It is the property view of a crank angle and temperature in this operation gestalt. 
[Description of Notations] 

1 Internal Combustion Engine 

2 Cylinder 

3 Piston 

4 Cylinder Head 

5 Combustion Chamber 
11 Source of Laser 



[Translation done.] 
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